Here we studied Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ mice during fetal dehomodimerization leads to activation of its associated velopment, a time of rapid growth and little reserve cacytoplasmic kinase Jak2, tyrosine phosphorylation of pacity in the erythropoietic system. We found that the EpoR cytoplasmic domain, and recruitment of downStat5a Ϫ/Ϫ 5b Ϫ/Ϫ embryos are severely anemic; Stat5a Ϫ/Ϫ stream signaling molecules (Constantinescu et al., 1999) . control of the hematopoietic system.
is severely reduced at 11 Ϯ 2.2 (mean Ϯ SEM) compared with the value of 27.5 Ϯ 1.1 in wild-type littermates ( Figure 1B) . The Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ peripheral blood smear shows fewer nonnucleated erythrocytes compared with wild-type controls, as well as many more adult-type nucleated erythroblasts, consistent with anemia ( Figure  1C ). In addition, the Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ peripheral erythroid cells had a smaller cell size and a reduced cytoplasmic content compared to wild-type control (Table 1) .
Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ Erythroid Progenitors Undergo Increased Apoptosis and Are Less Sensitive to Epo
Fetal liver erythroid progenitors are Epo dependent for growth and survival during the last 48 hr of differentiation into red cells (Figure 2A ). To evaluate the cause of fetal anemia in Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ embryos, we examined the ability of fetal liver erythroid progenitors to give rise to red cell colonies in vitro. The number of colonies arising from Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ fetal liver CFU-e (colony-forming unit erythroid) progenitors was reduced 4-fold compared to wild-type fetal liver ( Figure 2B ). However, there was no significant difference in the number of the early, BFU-e (burst-forming unit erythroid) progenitors between Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ and wild-type fetal livers. This reduced CFU-e to BFU-e ratio suggests a reduction in 5b Ϫ/Ϫ embryos cultured in vitro in the presence of serum but in the absence of added Epo for 24 hr showed the expected high rates of apoptosis ( Figures 2C and 2D ).
Results
Addition of Epo to the culture medium at a dose within the physiological range (0.05 U/ml) reduced apoptosis Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ Embryos Are Anemic Nonnucleated, adult-type red blood cells are first generin the wild-type cells from 39% to 8%; however, Epo was much less effective in preventing apoptosis of ated in the fetal liver, the principal erythropoietic organ during embryonic days 12 to 16. Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ emStat5a Ϫ/Ϫ 5b Ϫ/Ϫ progenitors, reducing the rate of TUNELpositive cells from 66% to 36% (Figures 2C and 2D ). bryos at this gestational age looked pale compared to their wild-type or heterozygote littermates ( Figure 1A ).
Higher doses of Epo did not significantly increase the survival of Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ progenitors: at 5 U/ml the The paleness of the Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ embryos is due to anemia: their hematocrit at embryonic day 13.5 (E13.5) number of TUNEL-positive cells remained 2.5-fold higher than in wild-type controls. Therefore, Stat5a Ϫ/Ϫ 5b Ϫ/Ϫ prowere transferred to Epo-containing medium and their rates of growth and apoptosis were followed for 36 hr genitors are significantly less responsive to Epo's antiapoptotic effect, accounting for their reduced growth ( Figure 3C and 3D Figure 3C ). In three experiments, the a larger carboxy-terminal truncation of Stat5a (Mui et al., 1996) Figure 5B, lane 5) . Last, the complex formed by Bcl-X(Ϫ316 to Ϫ346) could be supershifted with an anti-Stat5 antibody, similar to the supershift of the Stat5-binding Pre probe ( Figure 5B, lanes 4 and 9) . Therefore Bcl-X(Ϫ316 to Ϫ346), containing the Stat5 consensus sites from the human BCL-X promoter, binds Stat5 specifically.
We used luciferase reporter plasmids to determine whether Stat5 could activate transcription through the sites identified in the Bcl-X gene. The construct tk. Bcl-X (Ϫ316 to Ϫ346) contains a single copy of Bcl-X(Ϫ316 to Ϫ346) inserted upstream of a basal thymidine kinase (tk) promoter. tk. Bcl-X(Ϫ316 to Ϫ346) mediated a 4-to 7-fold induction of transcription ( Figure 5D ). Further, this induction was Epo dependent: no induction was seen in cells starved of Epo for 20 hr ( Figure 5D) ; addition of Epo at 20 hr restored transcriptional activity (data not shown). Figure 5E shows that Stat5 consensus binding sites are necessary for Epo-dependent transcription in the context of a regulatory region derived from the endogenous Bcl-X gene. A 500 base pair segment upstream of the Bcl-X translation initiation site was inserted with a downstream TATA sequence in the "pGL3 basic" plasmid to generate "Bcl-X(Ϫ586 to Ϫ90)" ( Figure 5C ). In HCD-57 cells incubated in serum-containing medium in the absence of Epo, Bcl-X(Ϫ586 to Ϫ90) exhibited a 10-fold higher level of transcription than pGL3.TATA. Addition of Epo caused an additional 2.5-fold increase in reporter gene activity promoted by Bcl-X(Ϫ586 to Ϫ90), but had no effect on the pGL3.TATA plasmid. A similar construct in which both Stat5 consensus sites were mutated, Bcl-X(Ϫ586 to Ϫ90)/mutStat5, exhibited the same level of promoter activity as Bcl-X(Ϫ586 to Ϫ90) in the absence of Epo, but Epo-dependent transcriptional enhancement was obliterated ( Figure 5E ). Taken together, in the context of the 500 base pair region (Ϫ586 to Ϫ90; Figure 5A ) of the Bcl-X gene, Stat5 binding We used ⌬Stat5 to determine the extent to which Stat5 with 0.05 U/ml Epo. Blot was probed sequentially for Bcl-X, cyclin participates in the transcriptional activation of Bcl-X.
D2, c-myc , GAPDH, or CIS. Data in (B) is quantitated in (C). The
⌬Stat5 inhibits transcription of Stat5-inducible genes in signal for 10 U/ml Epo (not shown) was taken as 100% response.
IL-3-dependent Ba/F3 cells, including CIS and Onco-
Results are representative of four experiments with two HCD-57-statin-M; it has no effect on the IL-3-dependent induc- (Figures 6B and 6C) . Therefore, the inhibitory effect of ⌬Stat5 expression on Bcl-X L mRNA is a result of its specific inhibition of transcription of Stat5-regulated genes. The observed inhibition by ⌬Stat5 on both Bcl-X L and CIS is likely to be an underestimate of the Stat5 effect on these genes, because of the remaining nuclear Stat5 activity in cells expressing ⌬Stat5 ( Figure 6A ). Epo withdrawal ( Figure 4C and Figure 7C, lanes 1 and 2) . 
Constitutively Active Stat5 Protects Erythroid Cells from Apoptosis during Epo

